Objective assessment of the results of surgical sympathectomy and sympathetic block (both temporary and permanent) are not widely practised. This article comments briefly on the available methods, and describes the use of the abolition of the skin potential response (formerly known as the psychogalvanic reflex) to assess the abolition of sympathetic function. This method of assessment has proved useful in clinical practice.
INTRODUCTION
recently highlighted the fact that effective evaluation of the adequacy of sympathectomy is not yet widely carried out. There are numerous reasons for this, including the complexity of the tests involved, the necessity for rigorous standardization of test conditions and the difficulty in interpreting the results.
Objective evaluation of sympathectomy is important for several reasons:-( 1) Assessment of the adequacy of sympathectomy It allows the assessment of the adequacy of sympathetic nerve block used in the diagnosis and treatment of pain involving the sympathetic nervous system, i.e. the reflex sympathetic dysfunctions. These are very common causes of chronic pain and are frequently misdiagnosed.
It also allows the assessment of the adequacy of chemical or surgical sympathectomy in the treatment of peripheral vascular disease. This treatment does not always benefit the patient and it is vital to know whether l'his is because the sympathectomy has been successful, but of no help or because the sympathectomy has not been complete.
(2) Assessment of duration of sympathectomy It enables the duration of sympathectomy for peripheral vascular disease to be assessed in relation to the patient's symptoms. Occasionally, the patient will begin to deteriorate and the question is whether the disease has progressed, or whether another sympathectomy would benefit the patient.
(3) Assessment of sympathetic tone It may enable us to assess the degree of sympathetic tone in a given patient, and may enable earlier diagnosis of reflex sympathetic dysfunction. This is the subject of a further paper in preparation.
Methods of Testing Sympathetic Function
Many of the tests of sympathetic function depend on the state of the peripheral arterial circulation and the changes in this produced by sympathectomy. Interpretation of these tests can be difficult because of the other factors that affect the peripheral circulation.
. Evaluation may be made using tests that are e!ther subjective or objective. Skin temperature Skin temperature is a very useful measure of the state of peripheral circulation, and can be assessed either directly or by thermography (Windsor and Bendezn 1964, Phillips and Lloyd Williams 1974) . Skin temperature can vary between individuals and in the same individual depending on:-( 1) The position of the temperature probe.
(2) Diurnal variation (greatest in the afternoon) . The patient should ideally be in the basal state with test conditions standardized at a temperature well below the minimal vasodilation level (about 31 0 ) .
These requirements may be difficult to satisfy under clinical conditions and the test may be valueless in cases of peripheral vascular disease if the temperature of the ischaemic limb is raised due to infection.
Flow measurement
Measurement of blood flow in the peripheral circulation by means of oscillometry (Troedsson 1960) , Doppler techniques (Strandness 1969 , Rushmer 1977 or in plethysmography (Beene and Eggers 1974, Kim, Awakawa and von Lintel 1975) is relatively simple and quite accurate, and indirectly reflects the state of the sympathetic nervous tone. The accuracy of any such estimation of sympathetic activity will again be influenced by any factors affecting peripheral blood flow, e.g. changes in cardiac output, or local infection.
Sweat Tests
Sweat tests using discoloration of starch or cobalt chloride are commonly used for assessing the adequacy of sympathetic nerve blockade (Cousins et al. 1979) and are independent of the state of the peripheral arterial circulation with its disadvantages. In practice, the agent is painted on the skin and sweating induced by the use of local heat, hot drinks, or aspirin. However, the material used must be properly prepared, control of the environmental temperature is important, the skin must be meticulously dried beforehand, and it is important to ensure that adequate heating of the patient has been achieved. Unless these principles are strictly adhered to, the results may be invalid. Observer bias is introduced unless the end point is taken as the complete abolition of sweating.
Because of the difficulties associated with the methods of assessment discussed so far, and because we had a need for a simple objective method of checking a sympathetic nerve block, we decided to utilize the changes in the electrical activity of the skin that occur with sympathetic stimulation.
The Electrodermal response
The palms of the hand and the soles of the feet contain large concentrations of eccrine sweat glands that respond to mental stress rather than to a rise in temperature. If electrodes are placed in the vicinity of these glands, electrical potential and conductivity changes can be observed after a delay of 1-2 seconds, preceding any visible sweating by one second. The phenomenon, originally known as the psychogalvanic reflex, was described by Tarchanoff in 1890.
The sweat glands are innervated by sympathetic cholinergic fibres and animal experiments (Schilf and Schuberth 1922) have shown that, as long as the sympathetic chain to a limb is present, the reflex is present. Thus, the presence of the reflex provides a means of testing pure sympathetic activity. The response may be elicited using pain (e.g. a pin prick), respiratory effort (e.g. the Valsalva manoeuvre), electrical stimulation, visible or audible stimuli or a simple mathematical question. It is absent in patients with a congenital absence of sweat glands On stimulation of the reflex, long and short term changes can be seen in the conductance and skin potential levels. These short term responses, termed the skin conductance response (SCR) and skin potential response (SPR) are useful measures of electrodermal activity, since they can be measured without the necessity for DC coupled amplifiers with their associated problems. The SCR and SPR have rise times of 1-2 seconds and fall times of 10-15 seconds. The SCR amplitude is usually of the order of 81'S and the SPR amplitude typically 5 mV. Typical tracings are shown in AnaeHhesia and In/ensive Care. Vol. VII, No. 4, November, 1979 Figure 1. The response is very reproducible in the individual patient and is quite similar from patient to patient, except for some differences in amplitude and latency. Repeated responses show some habituation (Francini et al. 1979) . SPR FIGURE I.-Typical skin conductance response (SCR) and skin potential response (SPR) recorded from normal subject following pinprick (indicated by marker).
Electrodermal measurements have been used in psychiatry since the beginning of the century (Solomon 1935) but with a few exceptions, have not been utilized in neurology. Despite a large number of studies, the factors governing the magnitude and time-course of these electrodermal responses are still incompletely understood (Prokasy and Raskin 1973 , Edelberg 1968 , Fowles 1974 . A model proposed by Edelberg suggests that the rising phase of the response is caused by sweat gland membrane depolarization followed by active transport of sodium ions into 1!he lumen of the duct. This process is accompanied by passive transport into the duct of chloride ions and water. The time course of the slow falling phase of the response is dominated by the reabsorption of water by the highly lipophilic stratum corneum. The SCR is also influenced by the rate of duct filling and by reabsorption of NaCI from the duct.
Although it has been shown that the SCR bears a closer relationship to a number of active sweat glands than does the SPR, we have found the SPR to be preferable for clinical use because electrode size and placement is far less critical and no external signal source is required.
Clinical Recording of the SPR
The SPR has been suggested in the past as a means of assessing sympathetic activity Anaesthesia and Intensive Care, Vol. VII, No. 4, November, 1979 (Lewis 1952) , but has been little used, largely because of the difficulty of obtaining a satisfactory recording under clinical conditions. Most of these difficulties are a result of attempting to measure the SPR using a standard electrocardiograph (ECG) machine (the technique suggested by Lewis (1952) and by Boucher et al. 1974) . The principal problems are:-( 1) Most ECG machines have an inappropriate frequency response for SPR measurement. Faithful SPR recording requires a frequency response of 0.03 Hz-2 Hz, while a typical ECG machine response of 0.05 Hz-l00 Hz leads to low frequency distortion and problems with ECG and 50 Hz interference.
(2) Clinical SPR measurement requires a wider range of input sensitivity than most ECG machines can provide.
(3) The ECG recorder paper speed of 25 mm/ sec. is too fast for the slow rise and fall of the SPR waveform. We have solved these problems by designing a relatively low-cost special purpose SPR recorder. This instrument has a frequency response of 0.03 Hz, chart speed 5 mm/s and an adjustable sensitivity of 5-20 mV for full chart deflection. Protection against electric shock is incorporated into the patient connections. The recorder (Figure 2) has proved reliable and easy to use under clinical conditions.
Some of the problems experienced in recording the SPR are a consequence of using an unsuitable electrode material. The use of a reversible electrode system (Dewhurst 1976) is particularly important in this instance because of the presence of sweat under the electrodes. We have overcome this problem by the use of pre-gelled Ag-AgCl disposable ECG electrodes (e.g. Red Dot R electrodes*). We use a standardized electrode placement in which the positive recording electrode is placed over the palm or sole and the negative electrode over the back of the hand or foot. An indifferent electrode is attached at the wrist or ankle. Figure 3 shows SPR recordings taken from the right hand of a patient with reflex dysfunction before and one week after sympathectomy. As wit<h other tests for sympathetic function, the amplitude of the SPR is influenced by outside factors that can mislead the tester. The clinically significant factors are:-'Minnesota Mining and Manufacturing Co. U.S.A. ( I) Degree of arousal of the patient Acute central nervous depression may virtually abolish the response which is greatly increased by anxiety or mental stress.
(2) Drugs affecting sympathetic activity Clinically used doses of opiates and tranquillizers interfere with the SPR although they usually do not abolish it completely. For the same reason, the test cannot be used intra-operatively.
(
3) A nticholinergic drugs
Since eccrine sweat gland activity is a sympathetic cholinergic response, clinical doses of anticholinergic agents will abolish the response giving a false impression of absent sympathetic activity, e.g. Figure 4 shows the effect of an intravenous injection of atropine 0.6 mg. The response is also influenced by drugs such as cardiac glycosides.
(4) Adrenal steroids Because of its effect on reabsorption from the duct, steroid therapy can influence the time course of the electrodermal response.
(5) Drugs affecting the Na-K pump Drugs such as Ouabain that affect the Na-K pump reduce the response by reducing the amount of NaCI transported into the duct.
We have now used the SPR as an indicator of adequate surgical or chemical sympathectomy in a total of 310 blocks performed on 152 patients over a period of two years and have found it to be a reliable method of assessment provided that the limitations listed above are kept in mind.
CONCLUSION
While we are not suggesting that the skin potential response is the best or the only test that should be used for the assessment of sympathectomy (e.g. increased peripheral blood Anaesthesia and 11ltem.il'f? Care. Vol. VH, No. 4, November, 1979 a!f\ I2n1V -------\1 \ flow following sympathectomy may be of more direct interest in vascular surgery) it is a very reliable test that can be performed using equipment that is either already in a hospital or can be constructed by most hospital biomedical engineering departments. It avoids some of the problems associated with the other objective methods of assessment and, because of its simplicity, we feel that it has a place in the routine assessment of all cases of surgical and chemical sympathectomy.
